A soybean suspension culture (SB-P) which can grow photoautotrophically in 5% CO2 will not grow in ambient CO2 levels. This elevated CO2 requirement seems to be due to the additive effects of a number of factors. The in vivo activity of ribulose-1,5-bisphosphate carboxylase (RuBPcase) is much lower in the SB-P cells, compared to soybean plants. This may be due to the low light intensity used to culture the cells, which has been shown to decrease both the amount and activity in whole plants, resulting in a low rate of net photosynthesis. The RuBPcase activation level is also lowered in air CO2 levels. The presence of the liquid medium raises the cells CO2 compensation concentration (the CO2 concentration reached when the rates of CO2 fixed by photosynthesis and the CO2 respired by the cells are equal). These factors, coupled with the high respiratory loss of CO2 all contribute to reduced net photosynthesis in air, resulting in a photosynthetic capacity that is inadequate for cell survival. Active cell division, low photosynthetic capacity, elevated respiration, and a low ratio of RuBPcase(initial)/phosphoenolpyruvate carboxylase are traits that SB-P cells share with young leaf cells, indicating SB-P cell physiology may be comparable to that of young expanding leaves rather than to that of mature leaves. (pH 5.8), and 1.5 mm NaHCO3 in a final volume of 1 ml was added to the water-jacketed vessel and illuminated at a light intensity of 400 ME m-2 s-'. The evolution rate measurements were repeated three times.
A soybean suspension culture (SB-P) which can grow photoautotrophically in 5% CO2 will not grow in ambient CO2 levels. This elevated CO2 requirement seems to be due to the additive effects of a number of factors. The in vivo activity of ribulose-1,5-bisphosphate carboxylase (RuBPcase) is much lower in the SB-P cells, compared to soybean plants. This may be due to the low light intensity used to culture the cells, which has been shown to decrease both the amount and activity in whole plants, resulting in a low rate of net photosynthesis. The RuBPcase activation level is also lowered in air CO2 levels. The presence of the liquid medium raises the cells CO2 compensation concentration (the CO2 concentration reached when the rates of CO2 fixed by photosynthesis and the CO2 respired by the cells are equal). These factors, coupled with the high respiratory loss of CO2 all contribute to reduced net photosynthesis in air, resulting in a photosynthetic capacity that is inadequate for cell survival. Active cell division, low photosynthetic capacity, elevated respiration, and a low ratio of RuBPcase(initial)/phosphoenolpyruvate carboxylase are traits that SB-P cells share with young leaf cells, indicating SB-P cell physiology may be comparable to that of young expanding leaves rather than to that of mature leaves.
Photoautotrophic cell suspensions are easily manipulated systems for studying the physiological and biochemical aspects of photosynthetic cells. Few in-depth studies have been done on photoautotrophic cultures due to the limited number ofsuch cell lines. They are potentially useful in the selection for photosynthetic herbicide resistance, herbicide metabolism studies, and the production of secondary plant products. These cultures can be repeatedly bleached in the dark and greened in the light and are therefore useful for differentiation and dedifferentiation studies. Erdos and Buetow (6) successfully used the SB-P2 to investigate the production ofthe small subunit ofRuBPcase during greening.
Unlike intact leaves, photoautotrophic cultures require elevated levels of CO2 for growth, have ratios of CO2 fixation enzymes different from those in C3 plants, and 4.5 which is near that of the culture conditions. After 5 min assays were terminated by the injection of 0.5 ml of 6 N acetic acid. Incorporation of '4CO2 in the dark was carried out in the same manner with the vials being wrapped in aluminum foil. Samples were dried at 60°C, 0.5 ml of 0.5 N HCI was added to dissolve the residue, S ml scintillation cocktail added, and the dpm were determined by liquid scintillation spectrometry.
Infrared Gas Exchange Analysis. The r was also measured on SB-P without the culture medium. Cells (1.50-2.25 g fresh weight were spread on the bottom of a Petri dish without media, which was placed in the system as described above, and the system was allowed to reach a constant CO2 concentration.
In Vitro RuBPcase and PEPcase Activity Assays. The shaker, containing the flasks ofcells was turned off, the cells were allowed to settle for 3 min, then pipetted as a thick slurry, from the bottom of the flask, directly into liquid N2, and ground with a pestle in a prefrozen mortar. The homogenate was mixed with an equal volume of buffer containing 50 mm Hepes (pH 7.3), 10 mM MgCl2, 0.1 mm EDTA, 5 mm D-isoascorbate, 5 mm DrT, and 2% (w/v) PVP. Aliquots were taken for Chl and soluble protein determination. Homogenates were centrifuged for 15 s in a microfuge at 5000g at 4C, and the supernatants were immediately assayed for enzyme activities. Assays were conducted in glass scintillation vials fitted with serum caps. The RuBPcase assay media contained 0.45 ml; 0.1 M tricine (pH 8.1), 10 iM MgC2, 10 mm NaH'4CO3 (3 MCi/Mmol), and 0.5 mM RuBP. Reactions were initiated by the injection of 50 Ml of supernatant through the serum cap. The PEPcase assays were similar except 5 mm PEP was substituted for RuBP, the specific activity of NaH'4CO3 was increased to 4 MuCi/Mmol, and 2 mM DTT, 0.2 mm NADH, and S units of Sigma malate dehydrogenase were added.
To assay for total CO2 + Mg2+ activated RuBPcase activity, 100 Mul of supernatant was incubated for 7 min at 40C, prior to the assay in 900 Ml of buffer containing 50 mm tricine (pH 8.1), 50 mM NaHCO3, and 10 mM MgC92.
All enzyme assays were conducted at 26C for a period of 1 min and terminated by the injection of 0.2 ml of 6 N acetic acid. Samples were dried at 60C, 0.5 ml of 0.5 M HCI added to dissolve the residue, 5 ml scintillation fluid added, and radioactivity in acid stable products determined by scintillation spectrometry.
Soluble protein was determined by the method of Spector (25) , using BSA as the standard.
RESULTS AND DISCUSSION Present Characteristics of the SB-P Cells. The SB-P cells, initiated in 1982 and characterized by Horn et al. (8) currently have several characteristics which remained unchanged including: doubling time, cell clump size, ability to rapidly regreen in the light after being bleached in the dark, an absolute requirement for an atmosphere of elevated C02, a constant linear growth habit for at least 3 weeks. The medium has been modified by removing the complex vitamin stock. Thiamine (0.1 mg/L) has been found to be the only vitamin required. The only characteristics which have changed since the previous publication are the ability to evolve 02 under culture conditions and the Chl content which has increased from an initial level of about 400 ug g-' fresh weight to just under 2000 ug g-' fresh weight (Fig. IA) . This is currently the highest Chl level reported for photoautotrophic cultures.
When the soluble protein content per g fresh weight of the cells is measured over time, the levels peak early in the growth period (Fig. 1B) indicating a cell synthetic phase, which is characterized by increased respiration ( Fig. 2A) and the elevated soluble protein content. The peak respiration rate is apparently due to a high demand for carbon skeletons in synthetic reactions ( Fig. 2A) . This is followed by a decline in accumulated protein, a pattern which has also been observed in a Chenopodium photoautotrophic culture (9) . Ticha et al. (28) and Thornley (26) have demonstrated that developing leaves have high dark respiration due to energy requirements for growth. These requirements decrease as the leaf matures to a level needed for maintenance only.
Oxygen Exchange. Linear rates of endogenous 02 evolution occurred for up to 10 min when the SB-P cells were suspended in KN°medium saturated with 5% CO2 (Fig. 2B ). The addition of HCO3 (1.5 mM) stimulated 02 evolution and was necessary to obtain maximum rates, as has been observed in other photosynthetic cell cultures (18, 20) . Oxygen evolution became saturated at 400 ME m 2 s-', higher than the intensity used for cell growth (250-300 ME m-2 s-'), a characteristic which has been observed in other plant cells (13) .
The rate of photosynthetic 02 evolution by SB-P cells, about 80 gmol mg-' h-' (Fig. 2B) , was comparable to that of photomixotrophic tobacco cells (17) (1) , and was lower than that reported for photomixotrophic peanut cells (20) . As has been generally observed in plants, a higher Chl content is correlated with a lower rate of 02 evolution on a Chl basis (13, 20 (Fig. 2C) . Dark fixation, which showed little variation over the growth cycle (Fig. 2C) , was never more than 8% of the rate in the light, a value which is comparable to that measured in other photoautotrophic cultures (15 (27) . In leaves, this need decreases with maturity, lowering overall dark respiration to a constant value (27) . As SB-P cells never reach stationary phase under culture conditions, the respiration required for growth would continuously contribute to the high dark respiration rate.
Gas exchange analysis revealed that the cells generally had net photosynthesis in air (350 ppm CO2, 21% 02) (Fig. 2A) . This indicates that the CO2 compensation concentration (r) generally was below the ambient CO2 concentration (361-373 ppm). Indeed r was 230 ± 25 ppm in SB-P cells (7) (8) (9) (10) (11) (12) (13) (14) (Fig. 3, A (Fig. 3A) or decreased when expressed on a soluble protein basis (Fig. 3B) . Although this is a time of high protein synthesis, RuBPcase is apparently not preferentially synthesized. Total RuBPcase levels (Fig. 3A) were compared to that found in leaves of soybean plants grown hydroponically in a growth chamber at a light intensity twice that used to culture the cells. The cell activity was only 15% ofthe total activity in leaves (516 ,mol CO2 mg' Chl h-'). The low total activity in SB-P can be partially explained by the low light intensity, about one-tenth full sun used in culture. The amount of RuBPcase activity has been shown to be directly correlated with light intensity (29) .
The elevated CO2 levels may also be a factor in the reduced RuBPcase levels in SB-P since soybean plants grown at elevated CO2 (800 ppm) were consistently found to have lower RuBPcase levels, especially during the earlier growth stages (30) . In Nerium oleander a doubling of ambient CO2 reduced the amount of RuBPcase protein (5) . Although these studies used elevated CO2 (about 2 times ambient), the levels were low compared to the 5% CO2 (140 times ambient) used to culture SB-P. Our very high level of CO2 may cause a large depression of RuBPcase levels therefore also contributing the low values of the enzyme observed in the photoautotrophic cells.
Since soybean RuBPcase is not always fully activated in vivo (22) the initial activity in SB-P, as a percentage of total activity, was compared to the activities in soybean plants. RuBPcase activity was found to be about 50% activated in SB-P cells, which is somewhat lower than the 70 to 95% activation measured in growth chamber and greenhouse grown soybean plants, respectively (22, 29) . However, Torisky and Servaites (29) observed that RuBPcase activation was 95% and 74% in plants grown at 100% and 20% full sunlight, respectively, an indication that an increase in the light intensity used to culture SB-P (culture intensity 10% full sunlight) may increase the extent of RuBPcase activation.
To determine the effect of low CO2 on RuBPcase activation, cells were exposed to ambient air prior to the assays. This treatment resulted in a 57% decrease in initial RuBPcase activity and a 37% increase in total activity (Figs. 2C; 3, A and B) . These changes mean that the initial activity under ambient CO2 levels, as a percentage of total activity, was only 14%, compared to 50%, in the cells maintained on 5% CO2 (Fig. 3C) In vitro, full activation of RuBPcase requires supraphysiological concentrations of CO2 and Mg2+, while in vivo the enzyme can be completely activated at air levels of CO2 (24) . However, the RuBPcase in SB-P, which is cultured with 5% CO2, may, unlike whole plants, deactivate when the cells are cultured at low C02, because the cells may be adapted to high CO2.
A specific chloroplast enzyme. RuBPcase activase, has been observed to be required for the activation of RuBPcase in vivo (17) . The (10, 14) .
However,, PEPcase is apparently inadequate in supplementing RuBRPcase CO2, fixation ac-tivity in meeting the-crbohn needs of A.
